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(54) NITRIDE SEMICONDUCTCR I ASSR DEVICE AND METHOD OF MANUFACTyRIHQ THE SAME. AND 

SEMICONDUCTOR OPTICAL BBViCB 

ib/;Abstract 

PROBLEM TO BE SOLVED ""o prov^Qe a nftnde semiconductor .aser 
device having a long iifa fo- asln-y. 

SOLUTION; The semiconductor laser devics comprises a mtride 
sefTiisonductor subistrate and a nitride semiconduGtor layer formed on 
the substrate. The subst^'ate comprises a Jsiocalion concentrated 
region of the stripe gsorristry and a !ow disboatson re^on of the stHpe 
geometry wh:ch is the cthsr f'e^on than the disbcst'on concentrated 
region, with tS'^e r-ilu<i$ sen^scorsduotor iayer tnclud^n?, a aser beam gu^de 
region of the stripe gsom8;;ry. The laser beam guide region is provided 
above the low dislocation re^on and is neariy parsliei with the 
dislocation concenia-ated region. The distance in the hoHzontaJ direction 
between the laser beam guide region and part of the dislocation 
concentrated region which is ciosest to the iaser* beam guide region is at 
ieast 40 ^m. 




JPS and \Wn srs not responsible for any 
dassages caused by the uss sf this trans! at ion. 

\ This document has been translated by computer. So the transJkion my r?ot refect the original ftresiseiy. 

2, *:*!** shows the word which can not be translated. 

3. !n the drawings, any words are not translated. 



CLAIMS 



[C!aim(s)] 

[Claim l]A nitride semiconductor substrate, 
A nitride semiccnductcfr iay«r iamirsated on it 



Are ttifi riitf-dvi seroi;vj- t.^oio'- assr ■r'enH!?:! provided with the above, and a r?!iride ss-Tsiconductor s;±^<:;t.raie 
D^slocaticr! c on rx'pLrir. --v.ii-^-is or itfipe shape, Have a low dislocabor; field -vvhich is s field except diskscation 
ooncentj-atsd regioris, and a nitride sen-iicorKiLiotor byer has a laser bearn A'sveguide f:eld of stripe shspe. A laser 
bearr; vvaveguid« field is located o?^ a bw diskKXstJon fi«id, and are disiocaticn conaentrated i-egSoris and 
abbreviated parallel and it is characterized by the horizontal distarsce d of a ias«r beam svaveguide t1eid and 
dislocatiors concentrsted regions of the maximum contiguity In this being mt less than 40 microfTisters. 

[Claim 2jA nitnds ssmiconduetGr substrate. 
A nitride semiconductor layer laminated on it. 

it is the nitride semico.nduGtor laser element provided v/ith the above — - a nitride ssrr^iconduGtcr substrate ~-~ 
mutuai — abbreviated — with disbca&n concentrated regions of two or more psraiiei stripe shape. H<3va a iov.- 
dislocation lleid which Is a field except dislocation concentrated regions, and a nitride se?rsioonductor layer ha^ a 
laser beam wavsgulds field of stripe shape, A laser beam waveguide field is located on a low dislocation fieid, and 
are dislocation concentrated regions and abbreviated paraliei. When m.i3king into a low dislocation field center 
region the Chuo Line portion between disiocat.ic -; con-or^trated regions which the hori^'.ontal distance d of a laser 
beam Vv-avQ^ijide fi&\4 and dislocation concentrated rsgsons of the maximum contiguity in this is not less than 40 
micrometers, and adjoin each other. It is characterized by the honzontsi distance t of a laser beam waveguide 
field and a low distocatiors field center region of the maximum contiguity in this being not iess than 30 
micrometers, 

[Giaim 3]A nitride semiconductor substrate. 
■A nitride se-^iconduoior layer lafrsinated en it. 

.Are ?he nitride ^:en-i- conductor iaser element provided with tne above, and ^ nitride sem-conduator substrate 
Disioc3l:o.:-i concentrated regions of stripe shape. Have a low dislocation field whi-h a i-vid oxcapt dislocation 
concenirated regions, and a low dislocation fseld has a high luminescence field of smpe siiapc D.i^i-K.:'5h-::n 
concentrated regions and a tsigh iufrsinescencs fteld are abbreviated parallel, and e niuide se!^-;icor;d=.;ci.or lavtr 
Has a laser beam waveguide field of stripe shape. A laser beam waveguide field is located on a low disiocation 
fisld, and are dislocation concentrated regions and abbreviated paraliei, It is characterized by the horizontal 
distance d of a laser beam waveguide field and dislocation concentrated regions of the maximum contiguity in 
this being not less than 40 micrometers, and the horixontai distance t of a laser beam wsveguide field and a high 
]umin;escence field of the maximum contiguity In this being not less than 30 micrometers. 

[Olaim 4lThe nitride semiconductor laser element according to .any one of claims 1 to 3. wherein the distance d 
is not less than 60 micrometers. 

[Claim 5]The nitride semiconductor laser element according to any one of claims 1 to 4, wherein the distance P 
between dislocation concentrated regions which a nitnde semiconduotor substrate cames out dislocation 
concentrated regions in two or mors owners, and adjoin each other is not less than 140 micrometers. 
[Claim S]The n:tHde semiconductor a.^; ■.- crent according to claim 5, wherein the di-stance P is riot less ti-ian 

[Claim 7jThe nitride semiconductor laser element according to any one of claims 1 to 6 to which dislocation 
concentrated regions carry out that they are abbreviated paraiiel in [1-1 00] direction of a nitride 
se.rrsiconductor substrate with the feature, 
[Claim SjA nitride semiconductor substrate. 
.A !";itride semicond'jctor layer laminated on it. 

Are the nitride serniccnductor laser element provided v/ith tha above, and a nitride semiconductor substrate has 
a high luminescence 5leld cf stripe si-^ape. .A nitride semiconductor layer has a laser beam waveguide tleid of 
stripe shape, laser beam w-sveguide rfslos are a r;igh luminescence field and abbreviated parallel, and It is 
characterised by the horizontal distance t of a laser beam waveguide neid ar;d a high liiminesce.nc?. field of the 
maximum contiguity being not less than 30 micrometers, 

[Claim 9]The nitride semiconductor laser e;e;vent 3cG0-::if\rj to any one of claims 4 to 7 which quotes clai;-!i 2, 
wherein the distance t is not less than SO micromsters, claim o, Glasm 8, claim 2, or clasm ^. 
[Cisim iOjThs nitride semiconductor laser elen-^ent Bccordi;:;?. tc c/siin $ lo vvhich a high ivJminosco.'-:Ge lield 
carries oat th.5t they are abbreviated parsllel In the [1-100] direction of a nitride .<5emicoadLjclor sui>strate with 
the feature. 

[Claii-n 1 Ij.A ssmioonduotcr optical apparatus having the nitride semiconductor laser element according lo any 
one of claims 1 to 10 as a light source. 



[Oiairn !2]nrjtu.si sbbfi=;v;at«d — ■ dissocation concentrated regions of two or more paraiiel stnpe srsape. 

On a rsitride s^;rn;c;c■^ductOf■ substrat.s vvh;ch has a low dbiocatjon field which h a ft&ld except dissocatioii 
con-^-nlTated rf^g•ons. "t i;^ a laser besm waveguide field of stripe shape. 

While being a rnsnufactjrinf. :-oethod of 3 rsitnde ssmicanductor iassr slem«?ni- provided with the above and 
estubii.shing a laser beam vvaveguki* tleld in dislocation concentrated regions and abbrevistsd p-araliei or; a sow 
disiocatioi"- ^1sid. the hor;ZOfvlai distance d of a laser besm vvavsgdde field arsd dislocation concs.f-traiod fegions 
of the maximum contiguity in this shall bs not less thar> 40 micrometers. 

[Claim 13]A rasnuracluring n^ethad of the nitride se^^-iconducto- ku^er eis^rnent accor-ding to claim 12 
characterised by the horizontal distance t of a laser beam waveguide rleid and a low dislocation tield center 
r-sgion of the sr^aximur;-? contiguity in this being not less than 3D rrrcromet£;rs vvhon riisldng tne Chuo Line portiors 
between sdjacef^t dislocation concentrated regions irsto s low dislocation field center reglor;, 

[Ciaim 14]the inside of a low dislocation field — dislocation concentrated regions abbreviated using a 

nitride semiconductor sni-jstrate which has a high lumhssoence fisid of paraibi stripe shap&, A rnarsufscturing 
rnethod of the nitride semiconductor laser element according to claim 12 the horizontal distance t of a laser 
beam waveguide riaid and a high luminescence field of the maximufn contiguity sn this being not less than 30 
micros-ioeters, 

[Ciairrs 1 5l.A manufacturi.r^g method of the nitride semiconductor laser element sccording to any one of olsims 12 
to 1 4 the distance d being not less than 60 micrometers, 

[Claim 16]A msnufactsinng method of the nitiide semiconductor laser element according to any ane of claims 12 
to lo, vvhersfn the distance P between acOacent dislocation concentrated re^ons uses a not bss than 140- 

rrsicrofneter nitride semiconductor substrate, 

[Giaini : :-jA r-5nu:act;.iring f-iOthod or the nitride semiconductor laser element according to claim 16, wherein the 
distance P uses a not iess than 300~ micrometer nitride semiconductor substrate. 

[Gaim ISjmutual ~- abioreviated - • on a dtnde semiconducto- subr.trato which has a hiRh luminescenos field of 
two or mors parsildl stripe shape, k '-s a msanufacturir.g method of a ni?.ridf; son^iconductor i..icor elfrrnent including 
a process of forming a nitride semiconductor layer containing a laminated structure of a nitride semiconduotor 
provided with a laser beam waveguide fisid of stripe shape, A fnanufaotuHng method of s nitride semiconductor 
lase^ el^sment characterizsd by the horixontal distance t of a laser beam waveguide field and a high luminescenoe 
field of ti"!s maximum contiguity in this being not lesr, thsn 30 miorometsrs whils sstabilshing a laser beam 
waveguide field in s hi§ih luminescsnce field and abbreviated parallel, 

[Claim iSj,^. manufacturing method of the nitride semiconductor laser element according to any one oi^ claims 15 
to 17 which quotes claim 13 the distancs t being not less than SO micrometers, claim 14, claim IS. ciaim iS, or 
claim 14. 
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DETAILED DESCF^rPnON 



[DetaileO Descnptson of -one Invendonj 
[0001] 

rFi«ld of the InventionjlhiS Invention .^elates to the nitride semiconductor lase- element ussng a r^irsde 
sem.icoriductor as a substrata especially about the semiconductor optical apparatus provided w;th a r^-uide 
semicond^ictor laser element, itjs manufacturing method, and a nitride semiconductor laser elerrsent as a light 



[Description of the Prior ArtlThs se;^-iiconductor isssr elsmer:t osciibted from ultrsivios-it in a vSs^bie region is 
fi-!3de 35 an experiment i\<;t.h the nitride ^semiconductor mstenai rspre-nented by QaN. AIN. lnN(s.), and thto-se mix 
c'-vstjiis. Th« s<irniconducicr iaser element rsported by Japanese journal OBU "■ appsied ~ phy-;iQS 39 No. 
L647-L650 page (Jon. J. Appl, phys.. Vo!.3S (2000) pp,L647-650) is aiso this exaniple, Forming ths SiOj mask 
P3i;ten^ which has ao opening of penodio strips shape on a GaH board, formmg on this the laminated structure of 
a nitride semiconductor which has a stripe shape waveguide (ridge stHpe structure), and forming a nitride 
semicondi.5otor laser element on said GaN layer is shown. Using the foHowing method is reported to manufacture 
of the substrate, 

[0003]On the ground GaN in which th« SiOg mask pattern (cycie of 20 mierometers) with the opening of periodic 
c-tripe sh,3pe was formed, By the MOOVD method (Metalorganic Chemical Vapor Deposition), the GaN layer of 
l5-m!crorf;eLer tnioi<.ness is farmed and a v/sfer with the tist suKaoe is obtained, Ti-sis is srt caiisd ELOG 
(Epitaxialiy Lateral Overgrowr^), and is the technique of recuc r^g a defect b/ use of lateral .grc^vth. The GaN layer 
of 2Q0"-micrometer thickness is formed by the usual HVPE method (Hydride Vapor Phase EpstsxyX and s QaH 
board is manufactured by removing a ground. In this way, the iife charactenstic of tha obtained semiconductor 
iasei-' was 30 mW In 60 and was estimated iife expectancy ISOOO hours. 

:rooo4j 

[Probkiirr-s) to be Soivfid by the InventionjHowever, by the oemiconductor laser eiemsnt of the statement, the 
manufscturing method of the sobstrate needed 3 times of crystal growth {gj'ound growth. MOCVD growth, HVP£ 
growth) for said report, it was complicated and there w&s a problem in produetivlty. Still a laser cscilktion lifs^ 
vYaa not er:oLigh, either and was not enough as the life in high-output (for exampis, 70 gO mW) condltsons. [ of 
further an elevated temperature j 

[OOOSjThls invention was made m of suoh a point apd an object of this invention is to provide s further 
outstanding semiconductor laser element and a simpie manufactunr>g method for the same of s laser oscillation 
life, 
[0008J 

[Means for Solving the ProblemjA nitride se-miconductor substrate explained in this specifloatfon Is a substrata 
which oomprieed elumirsum^Oa^lngN (Q<=^<=1, 0<~y<=1, 0<~£<-1, x*y-«"E=^1) at least About 20% or less of nit-ogen 
aiements whoss nitride semiconductor substrates are the constituent may be replaced by one of elements at 
least amon^ slement groups of As, P, and Sb, 

rOQG7las a nitride semiccnduclcr substrate — i-nost — desirabie duality — it is g GaN bc-rirO issed as a 

crystal duaiity — change of a p;'esentation is lost also when groi-ving ep;ts,xiaily on it, whsie forming becomes 
fixed and s thing of the characteristic stable as a substrate becomes is easy to be obtained by considering it as 
a cr^'stal. Good conductivity comes to be obtained by being referred to as QaN, It is an AlGaN board if it ranks 
second. Like an AlGaN bD.^rd. by using as a substf'ate matertai whose refractive index is smaller than GaN, when 
it constitutes a semiconductor laser of ultraviolet ~ a blue area from an above-mentioned material system, 
optical confinement to an active layer of a laser beam becomes good 

[OOOSJImpurities. such as s doparu of a n type [ nitride semiconductor substrate ] or a p type, may be added. As 
an impurity, 01 O. S, Se. Ts, G, Si, germanium, Za Cd. Mg, Be, etc. can be used Bebw 5x10 ^'Vonr of the total 
addition of the impurity are [ more than 5x10 ^Vcm^ ] pr&fBrf&± Si among said impurity ^oups, germanium, 0, 
Se. or CI of especially sn Impunty for a nitride semiconductor substrate to have n type conductivity is preferred. 

[0009JA nitride semiconductor laysr laminated by nitride semiconductor substrate explained in this specification 
is a layer which comp.rised aluminu,m^Ga^,in^N (0<=^<-1, 0<=y<~1, 0<=:z<~t x-*y+z=1) at least About 20% or less 
of nitrof^sn siements wI-kjs-'^ r^itride semiconducto*- iayers are the constitiient may be replaced by one of 
elements at least amcsng elemerst groups of As, P, and Sb. 

[0010jImpur:tie-5. such as a dopant of a n type [ nitride semiconductor layor J or a p type, may be addfcd. As an 
impurity, Ci, 0. S, Se, Te, 0. Si, germamum, 2n, Cd Mg, «to, can be used. .Below OiilO ■■"'. 'cm" of the total 
addition of the impurity are [ more than 5xt0 ^Vcm"^ ] prefen-ed. Si among sasd im^purlty groups, gerrnaniufn, S, 
Se, or Te of espocialiy ars i;^JipL^rity for a nitride sen-.icondsictor layer to .have n typo condLiGtivity is preferred ar:d 
Mg, Cd, or Be of esp-scially an impL^rity for having p type conductivity is prefe.'-red. 

[00 11 j An active layer explained in this specification shail refer to a general term of a layer -which comprised a 
well layer or a well layer, and a barrier layer. For example, srj active layer of single quantum well structure 
comprises only one well layer, or comprises a barrier layer ,/ a -well layer / a barrier layer. An active layer of 
multiple quantum well structure comprises two or more weU layers and two or more barrier layers, 
[00l2jVVh8n an index which shows a field and a direction of a crystal is negative, a rule of cf-ystaliography 



attaches and writes a hori3:cnt^;l line on an ab.soi;.;te /aiue. b-.;x since such a rsotation is not nsade, before an 
ab$oiut« vaiuy. a negative sign "~ ' i& attschisd snd a negj-.tivo index ;s sxpres-ssd with this specincation. 
[OOlSjin order U"> attain said psjrposft, a nitfide ssrniconducior laser eiemeni provided vvith a •utrida 
ssmicGnductor subsU'ste and a nitride semiconduator layer laminated on it in this inve-ntion. A ;!ii-ride 
sernSccriciuotor aubstr^ie has disiooation c-oncentratecs regions of ^jtripiS ihaps. and .?. low disiccation -Field which 
is tleidis except disbcstion corscerjtraled rsgions, A nitride semiconductor layer has a iaoer bearn wavsguids rlesd 
of stripe shape, a laser beam waveguide field is located on a bw disioc-atiori fields it is disiocation concentrated 
regions and abbreviated parallel and the honzontaS ^stance d of a laser beam wav/egsjids field and dislocation 
concentrated regions of the irjaximum contiguity in this has conipcsition which Is not less than 40 micrometers, 
InflL5ence of a r^-arrange'rierit of s substrate to a laser bearri vvaveguide neld is suppressed,, and it becomes a 
serr!iconds.<cior laser eiemerst with a brig laser oscillation life because shift not less than ^10 microrneters sf iassr 
beam waveguide fblds of a nitride semiconductor layer from disktcation concentrated regsorss of a nitride 
sertticonductor substrate and you make it located or^ a bw dislocation fteld, 

[0DI4jA nitride semiconductor laser e'enDsnt provided w5t.h a nitride sefriioonductor substrate and a nitride 
semiconductor layer laminated on it in this invention again, a nitride semiconductor substrate ~— mutuai — 

abbreviated with disiooation concentrated regions of two or n-icre paraiiel strips .shspe. i-iss'e a low dislocation 

field '^hlob is a field except dislocation concentrated regions, and a nitride sesTiicor^dnctor l?!y>::r has 2 laser beam 
waveguide field of ^atrl,oa si";ape, A laser beam waveguide field i$ located on a sov^v disiooatic!: held, and are. 
dislocation soncent'-ated rsgicns and abbreviated parallel. When making into a low dislocation held center region 
the Chuo Line portion between dislocation concentrated regions which the horizontal distarsce d of a laser beam 
waveguide field and dislocation concentrated regions of the maximum contiisiity m this is not less thar^ 40 
micrometers, and adjoin each other. The horizontal distance t of a laser beam waveguide -field and a iow 
dislocation field center region of the maximum contiguity in this has composition which is not less than 30 
.micrometers. When two or more dislocation concsntrated regions exist in a nitride sernicenductor si.ii-jst.f'at6, a 
field where character differs from the circumference for a while in the center section of the iow di-iccahon f^eld 
may produce. 3y shiftln.? not less than 30 micrometers of laser beam waveguide fields, it becomes 
semiconductor laser element with a still longer laser oscillation life fi-om this low disbcatlon field center region, 
[001 5JA nitride semiconduGtor laser element provided with a nitride semioonductor substrate and 2 nitride 
semicondijctor layer laminated on it in this invention again, A nitride semiconductor substrate has dislocation 
ccncentrsted regions of stripe shape, and a bw dislocation field which is fields except dislocation conoentratsd 
regions, A iow dislocation field has a high luminescersoe field of stripe shape, and dislocation concentrated 
regions and a high luminescence field are abbreviated paraiiel, A rsitride ssrniconductor layer has a laser beam 
waveguide field of stripe shape, a laser beam waveguide field is located on a low di«.iocation field, and they are 
dislocation concentrated regions and abbreviated paraiiel, The horizontal distance d of a laser beam, waveguide 
field and dislocation concentrated regions of the maximum contiguity in this is not less than 40 micrometers, and 
the horizontal distance t of a laser beam waveguide field and a hi^ luminescence fseld of the maximum 
Gontigaity in this has composition which is not less than 30 micrometers. The circumference is a field where 
character diffe-"'-. ^"or a wriHe, and a high luminescence field is shift.ing r?ct less tl^an 30 micrometers of laser beam 
v^ave:H!.;ido fioid?.. from ihls ileid, and serves as a long lasting semiccsnductor laser element 
[0016'jAs for the distance P between aojacent dislocation concentrated re.gicn5 in a nitride semiconductor 
substrata, it is desirable that It Is not less than 140 micrometers. It is for making it easy to shift a laser beam 
waveguide field ?rom dislocation concentrated re^ons when manufacturirig. 

[OQ; 7jAs, for this distance P, it is desirable that it is 1000 micrometers or less, k is for avoiding that an 
unnecessary portion which is not boated down "Oie laser beam wave^ide field among low dislocation fields 

becomes excessive. 

[ODiBjas a nitride sem-iconductcr sub.strate — the [1-100] direction — dislocation concentrated regions 
abbreviated — a paraiiel thing car- be used. 

[001 8jA nitride semiconductor laser element provided with a nitride semiconductor substrate and a nitride 
semiconductor layer laminated on it In this invention again, A nitride semiconductor substrate has a high 
luminescence field of stripe shape, and a nitride semiconductor layer has a laser beam wavsgiide field of stripe 
shape, Laser beam waveguide fields are a higii luminescence field .and abbreviated oa.r-ailel, a.nd the hori;f.ontal 
distance t of a laser beam wavegijide tlaid and a high iuminsscence neid ct the msximum cont-guity ha-s 
ccmpositiors which is not ie.ss than 30 rnicro.msters. The circumference is si-sifting not ies.^ than 30 micron^eters 
of laser beam waveguide fields fro.a-s a high lu.mlnescence field where character differs for a *hiie. and it becomes 
a long lasting sernlcoriductor laser element, 

[0020]as a f^:itride semiconductor substrate the i!-~100l direction — a high luminescence field — abbreviated 

a parallel thing can be used. 



[0021 JA nitride ;ssrnSconduCi.or bye?' shaP f^ave .3 quantum well active layer containing a well layer which 
compHses In j3a,„^M s.G< x\i), 

[0022 jA nitpde yejrHocnductor layer shal: have a quantum well active layer cor^tainlng a vveli layer which 
compris^is a rsitridft sen-^kionductor mncn contains ons of elements at least among As. P, and Sb, 
[0O23lln this ir^vef^tion, a semiconductQr optical spp-iratus ii; equ^ppscl with the abfjve-meritk-ined rsitride 
?,eniconductor saser eiernent as a light source, 

rOD24lthiR invention agj^in niulual ~~~ abbrev steo - ■ vJt-i cis-sor.arior conci-ritraied rsgions two or more 

parallel stnpis shape. On s nitride semiconductor substrate vfhlc'n has a iovv disiocatson field v.^rsicf-: i3 a ^eid 
except dislocation concentrated regions, In a manufacturing n-sethod of a nitride s6^T5:conds.;ct.or l?^ser e:en'ient 
including a process of forrning a nltrids semiconductor layer containsr^i a laminated str^jctur^^ of a niirlde 
semiconductor provided vvith a Isssr be&m wavegislde field of strips shspe. While estabilshing a laser beam 
vvavsguide field in dsslcoation concentrated regions and abbreviated parallel cr s low dislocation field> the 
horisor^tal distance d of .3 laser beam waveguide field and dislocation concentrated regions of the maximum 
contigi^ity m this ehaii b$ ;Yi«de to be not less trian 40 mbrometer^. If it does in this way, influence of a 
rearjangern^^rit of a substrate to a lss;er beam waveguide fteid can be suppressed, and a ssmiecnductor laser 
element with a iong laser osciliatlon life will be obtained 

[D026]When making the Ohuo Line por^on betysfeen adjaeent disbcation concentrated regions Into a low 
dislocstion field center region, the horizontal distance t of a laser beam waveguide field and a low disbcatson 
field center region of th*; maxifraim contiguity in this n^ay be rnade to be not less than 30 micrometers here. By 
shifting a laser beam waveguide field, a stiii longer lasting semiccnductof laser element can be obtained from- a 
iovv' dislocation field center f'egjon where character nay differ fro;-?! the circumference for a while. 
."0026]the irss^ide of a low dislocation field — dislocation concentrated regions — abbreviated — when using a 
nitride semiconductor substrate which has a high luminescence field of parallel strips shape, the horizontal 
distance t of a laser bsam y>fav8guide field and a high iummescencs field of the maximum contiguity in this may 
be made to be not less than 30 miorometssrs. By shlftinf a laser beam waveguide fjeld, a still longer lasting 
semiconductor laser element can be obtained from a high luminescence fjsid where character differs from the 
oircumference for a while, 

[002 ■■jlho 0!;un:;c-; P bctw-^en aqiacent diS,iocatir"^ -toncentrated regions is good to use 'x-s; ;b;:n 140- 
n^icrometer nitride semiconductor substrate. It becomes easy to shift a laser besmt wav!i=guids K-r-:d ^ on- 
dislocation concentrated regions. 

[002SlThis distance P is good to use a nitnde semiconductor substrate of 1000 micrometers or ifciss. it aan avoid 
becoming a semiconductor laser element with an unnecessary large portbr^ which is not located down the laser 
beam vvavsguide field among low dislocation fields, and a yieid also irnproves. 

['0029"!thi"y ifvention — again — mutuai abbreviated — on a nitride semiconductor substrate which has a high 

k.mJnescsr.oe ^-leid of two or more pa'-r^iSo' .v.-hc v-h-ipo. In a ma^^^Jfact^■r^n^r n-sethcd of a nslride semicO:v-i';c:o:- 
laser element including a priscess of forming a nitnde semiconductor layer containing a laminated siriicturs of a 
nitride semiconductor provided with a laser beam waveguide fieid at stripe shape, While estabiishing a laser besi-n 
waveguide ^eld In a hi#i luminescence field and abbreviated paralbl the horizontal distance t of a laser bsam 
waveguide field and a high luminescence field of the maximum contiguity Irs this shall be made to be not less than 
30 micromsters. A long lasting semiconductor laser element can be obtained also in this case, 
[0030]As a nitride semiconductor substrate which has disiacation consenti-ated regions, it has the si^staos which 
a facet surface (I i-22| side expresses, and serv'es- as serrate uneven shaoe= and that in 'which dislocation 
concsr-t.raled region.?: are located under the pars basflaris oss'is occipitalis of surface uneven shape can be ns<=jd. 
[003:] As a nitride semiconductor .substrate which has a hign luminescence field. It has tl?e surface which a facet 
surface [ i 1 ■■22] side expresses, and serves as serrate uneven shape, and that in which a high iuminescc-noe field 
is located down the aoex psft of surface uneven shape can be used. 
f003£] 

[Embodirient of the jnvsnt;on1-''EmbGdlmert 1> dras\;ing I is a cross section showing the semiconductor laser 
element 1 of the embodiment of the invention 1, Drawing I \s the figure which looked at the semiconductor laser 
eisiT>ent 1 of this •'smbodirnent ■^'rorn 'inft optica! ei'mssion directio!-^. In drawing 1. ;0 is a n type QaN board, into 
the siibstr-'ite lO, the dlsicc^hon conce.ntrate-d regions 11 exist and portions othef then dislocation" 
concentrsted-regions i 1 .-i-er-ve as a low dislocation field. All over a iow dislocation fiftid, the high iui-ninescence 
field i 2 exists in parallel with the dislocation concentrated regions 1 1 further. On the substrate 1 0, the nitride 
semiconductor layer (epitaxial growth layer) 1 3 is formed The laser beam waveguide field 1 4 is located in liis 
nitride semscorsductor layer 13. The electrodes 15 and IS are formed in the nitride semiconductor layer IS upper 
surface and the substrate 10 undersurface, respectively. Although it has rsot appeared in the ssctior^al ^'iew of 
drawing "I, the dislocation concentrated regiorjs I \, the high luminescence field 12, arsd the laser beam waveguide 



fieid 14 are sxtendivd to the depth dir-ection of drawing K ;ird s-jrve as srrsrsgen-ient of abbreviated p3r;iiid; 
mutual iy. 

[0033jWh:in the serni-;on<i.5Gtor l-n-ner element I of this emDodiment was see.n from the uopsr surface <;ida (plane 
vievv), the durLanao of the !sse.r beam waveguide field 14 and the disiocatloi; concerstrated rc-sgionsi 1 ^ was d~ 80 
niiorometers and t=: 120 w^craxne-t&rs, when distance of d, the laser bean"! waveguide fssid 14. ar-^d ths: hsgh 

c . ; ^ i.gt 10 t In :ri!£ s^scfficat on the di&tarco d as-c t sh'=' »pco t eo o e o --^-'^c - 

betwo-.;n the ceniier positions of the laser beam waveguide field of each stripe shape, dislocation concentrated 
regions, and s high iuri^lrtescence field, 

[0034lThe struoture is. siso expiai;sed in rrsore detail, explaining the :Tia';ufaoluring method or iho serj^icoridoctor 
laser eiefrserjt I of this errsbodiment beiow. 

[003'5j(M5nuf3Oturing rr.eth<3d of a GsN board) Ths Oirtlin« of the orystai growth mei-hod of the n tyoe QaN board 
10 is described first As the slant face which consists of facet surfaces expresses the cfystal of G^jN, It is grown 
up maintalnirtg the slant face. That ss. a slant facs Is gradually nioved to a growth direction. The refirrsngenienu^ 
generated in ths rrsidciie of a slant face spread and gather to the iower end of a slant face by this, and trie part 
which existed as ths parts which were th« lovver ends of the slant face were dislocation concentrated regions 
and a slant fajss sefves as a low dislocation field. 

[0035jThefe are sorsis states in dislocation concentrated regions. For exefT^pie. :t i^iay be cot- poiyorystjii, h msay 
become the single crystal siightJy inclined to the surrounding low dlsbcation fieid. At isa.st in I he surrounding low 
di<5 ooaDon, a gro\-vth direction may turn Into the fOOO-l] direction conversely to the growth directions of a fseid 
being the [ODOl] dirsotions. For this neason. a clear boundary produces between dislocation concentrated 
regions and a low dislocation field. 

r0037]Since a siant face is ;-noved to a grov/fch direction, the shape of dislcoation concsntrated regions can be 
specified by irs what Kind oi" shape a facet surface is generated first. If fsvut sus hsce isi-ie the side of the 
pyramid which fluctuated oonverssly (the bottom in the bottom [ A vertex, j. on; is gersei?=ted h^■sl. 
rearrangements gather in the part of the vertex of the pyramid, and dislocation concej it f';;-od r;;Cior^G v/sil r-erve 
as linear shape parallel to a grov.'th direction, and will form a pit. if a section generates < . .^j . ' t^e - ^ 
Side of a V character-like slot first, rean^ngenients gather m the linear shape part of the bottom of the slot and 
disiccation concentrated regions will serve as surface state parallel to a growth direction, and wiji form a stripe, 
[Q038jThe mask which bars crystal grov',?th can be used as a kind of the facet surface produced first. Crystal 
growth starts by the part in which the mask (s not provided a facet suracs produces on the boundary of a part 
without a mask, and a certain pare, with growth to a ho'i.^ontai oirL-cVOii, .:s facet surfaoof tcucnes each other on a 
ma&K and the ssosnt of contact serves as a starting position of disiocatior^ concent rsted regions. Airer a facet 
surface touches each other, the crystal growth to a perpendicular direction vong^nal grov*th direction) is 
stabilized, it progresses, a facet surface Is moved to a gro^Ath direction as it is, and dislocation concentrated 
regions are oxi^^nded to the growth direction. If the mask which bars crystal grov/th is made into dot form, the 

. , ^ -e^a^«^ a \ Get surface hke the side of a reverse pyramtd, and if a mask is mads Into 

linear shape, a section oan generate a facet sujface like the side of a V character-like slot As a n^ask, or what 
is necesssry- is just to provide the layer of polyorystal, and the thin film of SiO^ Is formed in the base surface. 
r003S]Ths substrate which may laminate a semfconductor layer is obtained by grinding and mirror-plane-izing 
the surfaos after crystal rowth. Produce a facet surface In the shape of a V character,, and it is made for 
disiocetion ccncsntratsd regions tc serve as stripe shape, or many facet surfaces of ths shape which surrounds 
.3 dot are produced a short cycle, sjui it is made for dislocation concentrated regions to serf's as stripe shape 
rnacroscopicaiiy in this embodim.ent, 

i0040jl h8 concrete mariufacturing method of the n type QalM board 10 is e>pl.:5ined witi^ >efererce to drawing 
it is ntade to gj'ow up by the HVPE method, on the support base 21. so that the n type GaN iayer 22 n^ay mainly 
be ex&i-e?sed on the surface while the facet sirface (11-22} side 23 is growing. As a result, a ssirface sectional 
view form serves as serrate uneven shape. However, the portion which the (0001| side 26 expressed was slightly 
looked at i^y stripe shape In the vertex vicinity of heights. Drawing 2 (a) is a secticnal view (oriiv s part h 
dispiayed) expiaining this state. 

[004 1 jlhe HVPE -r^ethod blows HCI gas into Ga melt which formed arid hosted Qa boat to th'S upstream part or 
the hot waii type reactor here, It sends below, and it Is made to re-sct to NH3 in a lower part. GaN is 
compounded [ a base ;s p,''ovided in the downstream of a reactor, HH.^ is blown, HCI is blown into heated Ga 
metal (msltX GaCi is compo;;nded, 1, and it is made for GaN to accumulate on a base. 

[0042JA 2Hnch (111) QaAs v'vafer was used as the support base 21, Although it is also possible for there to be 
no .restHctions in particular in the material of the base 21, and to use common sapphire, in order to excise 
behind, It Is preferred to stop futility In this way, using GaAs as a materlsL 



direction — a ridge It has shape prolonged hi Thus, what is necssssry is to form masks, such as SiOj 

oofresoonding to xhe abov-s-rn^ntioriftd crsvice, beforshand on the bsse 2\, arid just to perforn-? cjysta' growth ;rs 
the state whers a facet exprv^sses by making this into s seed, in order to soecify a concsvo-convsx position. 
That. is-, it is arrangsd In the pstcri of P~ 400 mscromsters at stripe shsps. and the shape Is the contlnuo-js stripe 
shape or the dor for;?^ of a large number located on a straight line at Inter.'fals of appoxii^aiely rsii^jyted .■i^o t.hai 
a mask rsay beconie psrM to the [1 -100] dlrectioni of a GaN cr/stal 

[0044] After the fscst (1 1 ■■22l side has expressed, about the technique (growing condition) <J '^^^^^^^^'^^^ , 
growth rrtaintain, thsse pscpis are Indicating in de^l! to Japanese Patent Appiirsr-or^ Mo. Mo. 2"'3S82 L J 1 to j 
which spDlIe;d previously. The crystal which grows was used as the n type vvith doping 0 st the t;^^^^; of ^^roxvlh, 
[0a45lThe 30 -rr:m -high irsgot was prodtjced on the base 21 by continuing formation of a GaN crystal fufthsr. with 
suoh growth rncde n-alfualned. Dra^ving 2 (b) is a figure snowing an ingot 

[Ol>H>]Slicing procsssin?, of this ingot was carnea out with the siicer, and the flake (n typs QaN board) was 
obtained. Foibhing wo^k of the flake vvas oarred out and the n type GaH board 10 which are a diep-;oter of 2 inoh 
(about 5 cm) with the -Hat surface and 350 niicro-neters sn thickness was obtained. The surtass fr>' g> ow;pg 
gpitaxlaliv was considered as mirror-polishing finishing. Although this surface was made mostly (0D01) Into the 
field, In order the morphology of the rsit^ide semiconductor layer 13 which grows spitaxiaify iip^^Brd& h flat and to 
beco-ns ^ood. (0001) It was desirable to have a comparatively small OFF angle of the rangs of 0.2-1 degree in 
t.h«3 arbitrary dirsctssns from a field, and in order to make it esoecLvk- ^.--^-^ce r!:-"f3Ge sfnoothn^s.'s become tne 
minirnLim, it was prsferred to consider it &e the range of 0.4~G o v. ^ ?- r,;, is .-5 yeci.o^-^a visw (only a 
pari: is displayed) of the n type GaN boar4 10 obtained in this way. ar.u drav\< rsg £ .c s a p'.^sr .„-'-v- a p.s.*^ is 
displayed')- _ , 

r004?lln this way, the obtained GaM board 10 was evaluated as follows. First, the surface or tl < \ pc ^^a^^ 
board' 10 was obse?ved in detail under th& rr^L-jroscope. The surfece by which polishing wo^l< was carried out wa^^ 
no- ' ^c-ess;<^ y ~ . ^ e a ^.^-esoo"sing tc the Beld (portion shown with the '^umsra^s 24 J- draw:ng 2 (aV 

vvhich the n^axirnum pars basiiaHs ossis occ oitaiis of the crevice had produced at the time of crystal growth had 
beco;^^B deproosed a Hub. ^ , 

[0043111 et.ch:ss by dipplr^-g a sampkn in the ii'ulJ Vvh ci> Heated the nvxed ac:d ^-^^^ s^.i^u^.c a.;<c a-d phosphono actd 
at 250 and was mad© for an etch pit to con^e out to the sorface. a res'ilt m<;ny etch pas &t^p^B.md In the 
fleid corresponding to the field (portion shown with the numerals 24 in drawing 2 (a)) which the maximum pars 
basiiaris ossis occipitalis of the crevice had produced at the time of orystal growth, and It became cisar that this 
field was a rield (dislocati•-^r; concentrated regions) which the rearrangement {or crystal defect) is concertrat>ng 
sxtrefTseiy. T'hsit io. ti;o ah o v-; -^nentioned hollow was e<|ulvale:nt to this field. 

[0D4SjIt is though-*- . at tns oo^-tio-' the hoHow was easier to be eroded tha'i other port ens aid 

has been produced in the polishing procs.^s for ih^ reason since the r^an-s-gen^ent is Goncentrating extremely. 
The width of dislocation cor?centrat.ed rejrons wa^j .^bout 10-40 .^rJcromsters The other field had turrseo .a 
low dislocation field of E-PD(etch pit density) 10 ~ 10 ^ / c/n^ stand EPD of dislocation concentrated regions 
was observed so that more greatly triple or more figures than this. Thus, since several figures disiooatior. density 
was ths portion which Is iargs compared with the circumference, a fleid which is expressed with the numerals 1 < 
was sailed ""di.slocatiDri concentrated regions" on these .specificadops, 

[OOSOjrhe sarnpls wa.s irradiated with ultraviolet rays (an -1,1 ssrsp 365f^m Ijm^n-sc.vr.t i^^ ca*-^ be us&d), and the 
lun-iinssoence from the surface was observed using the m cn-;scope ;f uoresoerce r-icrov.ope obsei^/siior-^;. As a 
result, ths t1eld of stripe shape which had a boundary in the eerier of tne io^^. dislocation-^ field Ins'irted into the- 
disiocation ocnosntrated regions 11 comparatively cleaHy and where the c^rc^inv'erer.ce cliffer.^ fro-n :ontraf.t 
was observed. This field has luminescence jurninescence) stronger than tf^s ci-cumferencs observed with the 
x-^-eooA^ .1^,* * .1 ^ ' c tt'^ 0' s observed brig.n:y. 

rOOSilThis field is the portion 2S the fao^-t s r-face lOOOl} side was -gr^i-^^r.ng expressing er the time cpystsi 

^,^cwth. .-.no ns a ^le^c exp-esssd with tr^e num^r^^ir 1 (. to drawing I and d>'awing 2 xd\ Thu.^. a dcoant i.s 

in. .n.'0r3ted ard r.J"% <yj%K.r-^e4 s nkke the c:r:.u--e-e'.'. . cons der the re.'ssonb o* o' sNrr^r n.rn 

the circni-nference. From the above-mentioned fact this field was called the "high luminescence fieid' or, uv.-^-^= 

spacificsticns. ;>ince the portion 25 the facet surface (0001} side was growing at ths time of <^stal ^owth 

expressing W3.s not necessarily what advances uniformly with the same width, although ths width of the high 

ii-m!ne,?ce-^ce field 12 hao fluctjaUor 3 Tttle it was about 30 micrometers in the large place 

r0052]S;uoh a high iun-insscence fiek^ may hordly be formed depef^dsne on condition;, whon creatif^g ths 8^-ove~ 

nie-fJoned -ngot, and the position '.distance from a support base) in an ingot .However, r:vstlv ."s central 1^ek1 is e 

Dort.ion corresponding to the field of the vertex vicinity of th© above-mentioned ifr.ever?ness of tha portion 



olnohed by the d:s:ocatior! conceriiraUid rsgsorss i K and also calls this a "bw disbcatson ileld center region" on 
these specificaiions, In this specification, the portion explained as a high luminesoerjce fssld can be trsnsposed 
to s low dislocation Held c&';t«r region, and can be considered. 

[0G53iTh8 crystal grov,?th for fomistion of ths above-mentioned GsH boaro Ul A'so v^'ilh vapor phas:<s *ipii3xy 
other than the HVPE method it is good and Ths MOCVD method (Melaiorgan-c Ohtn^icas Vapor Deposiuori). It 
can carry o^it. even if it uses the MOC fnethod (Mstelorganic Ghicrtde Vgpor Phase Epitaxy;-, ths suhiimativig 
method, etc. 

[0054' As the base 21 used for t,hs grov>'th for formation of the GaN board iO, the cry'Stai substrais which has 
symnietry or 3 brruis symroetry in the cirGurnfersrsce of as- axis otl-.er ?s~srj Ghks 6 ts.^r^fbs can tee us6d. Thst is. 
the cry-,<;t3i vvhich Is a hex.3gonsi system ss a cryslai syszarT^, or ..■i clj-^sc syr.tem is mftn-Sorsed. If a field it; lised io 
th« vase of cobsv system '111), there is symmetry 3 times. The crystal of hexagonal systerrss, such ss sapphire. 
SiC. riuart;?, NdGsO.,, ZrsO, OaN. a^d .AIN,. can bs sised. The field (1 i1) board of cubic system, such as Si. a 
?piosi. MgC, and Gap. can also be used. These grow up GaN :n re.spect of C. 

[OOSS/The.-e are Uvo kinds of choices aisc how t<.. i the n^as^ -or fomiailon of the GaN board 10. Ons is 

the technique o^" forming a mask direotiy on a bss-o is U).;, . a^o ;l '.s ceitibr to bevs^-ft depositing a GaN buffer 
isysr on the base exposed surface inside a mask opening iri advance of an epilayer etc. Another is the technique 
of forfning the GaN layer beforehand comparatively thinly on the base, and forming a mask i>n it tatter one 
advances smoothly and its growth Is more preferred In many cases, 

[0056],Aithoush the exarnple which used OaN as the substrate 10 here was explained, It may replace by the 
nitride ssirloonductor substrate which comprises material which was written in the column of "The msans for 

soiving a technical problem," 

[005?]In the inanufaccuring method of the nitride semiconductor substrate shown in ths Prior art. are reducing 
the resrrangen-ient by using t^-ansverse direction growth art (ELOG art) as growth of a substrate crystsi is 
advanced, but The position in particular that a rearrangement (defect) produces is not controlled, but a 
rsarrangament comes to be dsstrfbutsd over Mr. **** within a field as crystsi growth progresses. Ors the other 
hand, the position of dislocation concentrated regions ss controiled by the nitride semiconductor eubstrats used 
by ihi.'. ! vv.r-t of! by the position (a pitch is several lOJ-micrometer order) through growth of a substrate crystal, 
S;;.-h .;:■"!""- <rncs is among the GaN board of conventional technology, and the nitride semiconductor substratsis 
used by this ipvention. 

[OOSSjTherefora, when making the substrate of comparable disiocatior. density prof tabiy like, the direction c-f the 
manufacturing method of the substrste crystal explained by this embodiment has httle number of times of 
crystal growth, and ends, snd productivity becomes good. When such a substrste was used, about whether it is 
suitable if the laser beam waveguide fseld in a semicor^ductor laser dement is established in what kind of 
position, it was not kncwn conventionally. This point is explained in detail later. 

[0059jHo\v to form is.-^-ldu- ^-e-v^iconductc- >.>er 3 grade (epitax:,^! ?,r,-^wrh of - r;ilride >::envcondoctor Isyer;, 
next the n type GaN board 10. and produoe the semiconductor laser element 1 is explained with reference to 
drawing 3, Drawing 3 is the mimetic diagram which expressed the serniconouctor laser elefr;ern 1 ot d>-a^i\<lng J so 
that the layer system of the nitride semiconductor layer 13 might be shown in detail, and oiriitted the statem^ent 
about the above-mentioned structure in tlie substrate 10. 

[G060jUsing an MOOW system^ to TMGa (trimethylgalNum) or TEGa (tnethylgallium) of NH^ of V g-oup material, 
and a group III material. S1H4 as a dopant raw material was added and the n type GaN layer 102 of 3 rr^icrometers 
of IhiclNnass ass formed in the n type GaN board 10 with the substrate temperature 1050 Sub5eqL;er?tly, 
with the .substrate temper-sture of x^OO TMIn (trimethyiindium) as a group I!l material was added to the above- 
men:ioned raw material arid 40 nm of n type ^no.07^%53^ P^"®^-'"®='^^^^''' layers 105 were grovv-n up. Next 
Substrate temperature was raised to 1050 -Uie group III material of TMAi (trimsthyialuminum) or T£AI 
(triethyiaiiiminum) was also used, and the n type aluminumg^Gag gN cladding layer 104 of 1 .2-micrometer 
ihlckr;ess was grown up. Si A-as cm-^L 5x10 ^ '/cm^~1x1D '^^/]~added as a n type impurity. Then, 0,1 micrometer 
of n type GaN light guid=5 layers 1 05 (Si-impurity concentration 1x10 - 1x10 ^Vcm^) were grown up. 
[OOSIjThen, the active layer (n-iuRipie quantum well structure) 106 which lowers substrate temperature to 750 >«=^' 
and compri.se.> the 4-nm~thiok In^, .Gs^gN well layer of three cycles, and an S~nm~thlck !nfj .3:aa<^,gc,^^ barrier 
layer, It was ^rsade to ,s;row up in order of a barrier layer / well layer / barrier layer weil layer , ' barrier layer / 
well layer .' ba,-Hsr layer Sii^.< (Si-impurity conce-'itration =s 1x10 ■■■ I.kIQ ^^.- crn') was added to both the 
bap-ier layer or ths barrier layer, and the well layer at that time. When g?-owtn Interruption for less than 180 
seconds is carried out 1 second or more between a barrier layer, a well layer or a well layer, and a barrier layer, 



the sufface smoolhrsss:? of each class improves, h^mlnesGence half breadth decreases, and :t is dessrebis. 
[0062lWher: acdnz As to ar, active ;ay8r. AsH... 'arsine) or TBAs (terltarybuxy! ars-ne;. When adding P to an 
sctive iayer ard adding Sb ;or P'H^ (phospi^ine) or TBP (teilsarybutyi phosphine) to an active lixyer. is good to 
use TMSb (uinethyi ;:p';ir^;:nv : of TESb itriethyiantimony) for a raw matsHal, s espfictively. When forTsing an 
active iayet', the organic raw iTiStariai which contains. H^H^ (hydrazine), G-jN^Hg (d;msthy;hydra?.ine;, or U in 
addition to NH,. may' be u-^ed as; an N raw fi-ateHal 

[0063]^4sxt. substrate ternperat^re is again raised to 1050 **, The p type aiummumjjj Ga,, ciadding layer lOS 
of 108 or D.6 mcrom&t&r of p type GaN light guide layers of 107 or 0,1 micrometer of 20-nm-thlck p type 
$\uvfilnu-r)., ,.Ga,, -jN oarrSe!- bbok layers, and the 0. 1 -micrometer p type GaN contact layer 110. it W3s made to 
srow up one by one, EtCP^Mg (screxv ethyicyclopentadienyl magnesiuCi) was used for the raw material as ® p 

type impurity, and Mg was sdded by 1x10 ^^/orrfl - 2x10 "^Vonrl It is more desirable to have made it the p type 
impurity cones ntr-ati on of tJu; p typa GaN contact L^yer 1 10 become high toward the directiors of the p electrode 
1 12 Thereby, ths contact, r-esistancs by p electrode formation decreases. In order to remove residual hydrogen 
in the p type layer which has barred activation of Mg which is a p t^e impurity, a smail amount of oxygen may 
t>?; made to i-fjix dunng p type layer grovv'th. 

[0064jThus. aft.sr grov/irsg up the p type GaN contact layer 110, afi the Ifisids of the reactor of m MOCVD 
system was changed to nitrogen earner gas and NH^, and temperature was dropped by a part for 60 When 
substrate temperature became 8O0 **< after suspending supply of NHg and standing by with the substrate 
temperature fof 5 minutes, it descended to the room temperature. As for the retention temperature of the 
substrate here, for G50 to 900 '^■^ was prefa? r&d, and the standby time of 10 or iess minutes was preferred 3 
minutes or more. The descending speed of temiperature has the preferred above by 30 
[0065jThus. as a s-esult of the Raman measuren-jent estimating the produced growth t1im, even if it did not 
perform, p typeHzsd annealing after wafer extraction from an MOCVD system, the characteristic of p~type~lzing 
was already shown after growth (Mg was being activated). The contact resistance by p electrode formation also 
fails. Vv'hsn the conventional p type-ized annealing was combined m addition to the above-mentioned technique, 
the activation rate of Mg improved more and was preferred. 

[0066jln composition ratio may bs except 0.0? and there may not be the In., jj-,Gsj., crsck preventio?^ layer 
103 of InGsN crack prevention layer 103 the very thing. However, when the iattioo mismatching of the cladding 
layer 104 and tho GsN board 10 becomes ia?ge. the direction wtiich inserted said InGaN crack prevention layer 
i03 is mors preferred In respect of oracle !.5rov8ntion In order to prevent a crack, it is also prBfQrr&d to replace 
with Si and to use germanium as a n type sr^Cw-itv in an each n type layer. 

[0067].AHhoi;g>-! the sctive ^-^ysr -06 ^r -.c- ; ■■■■ t o:- .V'-^kM starts with a barrier :aver «nd a bai-rier layer finishes. 
It may be composition which starts with a well iayer ana a well layer finishes. When the number of layers of the 
well layer was not oniy the three aboye"m,entioned iayers but ten laye.^-s or less, its threshold current density 
was bw. and room temperature cor^tinuous oscillation was possible for it Threshold otsrrent density was low 
pr&Urred m.ore thars twoHayes" especially at the time of six or iess iayers, It may be made to contain alumin'jm in 
the active layer furthermore 8>;Dla;ned above, 

[OD68jAn im-;j.'-t\ -^-^tv ^ ; rr r=od;.-.^ .:it:-o.-~,:' ■'eqj;rernents addition c-t the Si Vv'as carried out at both the iaye.^'S 
of the weii saysr wh;ch accc,-op;:c;i:':,.s v. e ^--^e ieyer 106 here, and a ban-;er- iayer. i-lowever, it was stronger for 
luminescence intensity to add a?^ impunty like Si to an active layer. As such an imcurity, it can use combining 0, 
0, germanium, 2n or Mg. or 2 or more [ these | in addition to Si. Total or the addition of an -mpunty had 
preferred abbreviation 1x1 Q - ' - 8xi0 ''^ ' on^ grade. The iayer which adds an impurity may add an impurity only 
in layer of not only boLh the layers- -J a weis ia^er and a barrier layer but one of the two, 
[0063]! he p type aiuminumg,jGa;. ,N carrier block iayers 10? may be except this presentatio-? Sinc'2 :t wH; p" 
type~ize by growth at low temperature mora if referred to as AIGaN which added In, the damage wi-sich the 
active layer 106 receives at the time of cf-ystaS gr-o>.vth can be reduced, and It is desirable. .Although there mav 
not be cs^ier-block" iayers 107 the very thing, it 'A'as !cv-,;;r fo- threshold current density to pr^ovide this, "rhis is 
because the-'e is work in w1vch ths carrie!' block ijiv-^^rs, 107 cciv'sri'v :5 r.aret;:' in the active iayer 1DS. By making it 
high, a careef closes, eye becomes strong <:ind t^s A' comcosiiicn 'ai.o of the earner- bioci-; layers 10? is 
preferred, if A.\ corepositior* raiio is made small to the grade by which a career doses and eye -j^* is held, the 
carrier mobility ;n casrier block layers beGomes large, electrical j-esistancg becomes low. aisd ii :s desirable. 
[0070]l-iera, alihough the aiuminumjj^GaggN crystal was used as the p type clad layer i09 and the n type clad 
layer 104, the composition ratio of aluminum may be AIGaN the crystal of 3 yuan of those other than 0,1 . It the 



:"vxad C: ys[.as ariio o^" diy-rs^ruiri-s becomds high, an gneri,v d3Q airtere^'ce ar-.d ref-aQtiv'e if5<ji;< dih'efence with thg 
sciive by*!?' 106 vv.-i becosTe sar;;?. '5 cjireef ^nd light a^e ernciiif.t y coi-sjined in an active ssv*:", srsd iayt;!' 
csciliatjon lhr&o,ho:d current density can be reduced If Ai composition ratio is madii ,ssr!aii to U-a grad& oy wnich 
a career and W^x cbse and sye 'S'* is h«!d, the carrier mobility irs a cladding layer becomss large, and operating 
voltage of an element san bs made bw. it is also prsfsfred to mak€ Ai composition ratio of th<3 p type csscf layer 
109 about i-uo 0.06 lo D.09 in considofation of this point 

[007f As rof che rhicknt^<;s o* ti-sy r5 iyoQ AiGaN clad layer 104, 0.7 micrometer - 1 5 miororoet^jr'S are preferred. 
Thereby, tofrristiof^ of -sir^gie Mii^e of ve^tioa^ transverse mods, irrsprovesTient in tho; optical prope>"ty of ths 
!f^Cf!]-a5e of opt,-':ai confine.^i^ent sfno erscy and iessr arsQ reaLCiso' ■ ci" i^^^e* • "ir-tsbold co!rf<i:rt density "■a!-- be 

[0072^A;trsough the cladding layers 104 and 109 considered it as the AlGa.^ mix c.'-ystal of 3 yus,-* in the; jsbcsve, 
they may be 4 yuan mix crystals, such as AJInOaN. AIGaNP, and AIGaNAs- The p type ciad layer lOg may have a 
superstructure vvhich consists of a p type AIGaN layer and a p type GaN layer, a superstructure which consists 
of n p typi> AlGsH iayer and a o type AIGaN lavsr. or a superstructure vvhich consists of a p type AIGaN layer 

.3 p type inGsN layer, sn order to reduce eiectfi.,:;! res's"vanc-5. 
^0073lHefe aithoug.rs the o^ystal growth method by an MOGVD sytitem was exosained. mobcufsr beam epitaxy 
mathcd vM5E,' arsd ?r/d. idd; ^apor Dhase grovvtn (HVPE) may be used. 

[0074jThen. e-ach ciass of t-^e f-itritie ssfYiiccnductor layer 13 takes tsutthe epivvafer formed on tha n type GsN 
board 10 from m MOCVD system, and explains the process process fwocessed into a nitride semiconductor 
laser eisment chip. 

L0O?5l(Eie?r)ent~i2ed process) It forms in the necessary position which expiained the ridge str?pe part which is 
the laser bean- vvaveguide field 14 to the n type GaN board 10 using drawirsg K ™his performs sven the lower end 
in the middio of p type- '.;lad layer iOS by ieaving and etching the portion of iU!'ip«; ^hap?; f^-om the epivvafer 
surface side. Here, 1-3 mioror^-^eters of stnpe width were 1,3-2 micron-seters preferably, and 0-0.1 miorofneter of 
distance from the p type guide layer IOS of an etching bottom was carded out. Then, the insulator layer 1 13 was 
formed in portions othsr than & ridge stripe part. Here, AIGaN was used as the insulator layer 1 13. Sines it had 
exposed, on this portlor? and the insulator layer 113, the p electrode 112 was vapor-deposlted in order of 
Pd./Mo/Au, and the p type QaN contact layer 110 which remained without being etched fcjrmsd it 
[0075] As the insulator layer 1 13, an oxide or nitrides, such as sHicon, titanium, ziroonia, tantalum, and aluminum, 
can ahro -.n;ed in sddition to the above, and either Pd "Pt 'Axi. Pd/Au or nickei/Au may be ased for others as a 
material of the p electrode 1 1 2. 

[0077]The thickness of a wafer is adjusted to 80~200 micromeiers. and it was mads to be easy to divide the 
s»^afer behind by Ending the epiwafer rear-face side (substrate side). The n electrode 1 1 1 was formed in the 
pack side o*" a substrate in order of Hf/aiuminum. What tro'- b..-,.^i>=c H^/a um'num/Mo'A-:;. ^lf 'ai^mirun,'^'::'Au, 
Of ^ \^' A., h'^ X... 'Mo Au and Hf of these lo If ana .ray oe wssvj fc otne'-s a-^ a r«t8 u of tne 

0 electrode 111. 

[00?3jFinaily. olsavage of the epivvafer was perpendicuiarly carried out to the direction of a ridge stripe, .=snd the 
Fabry Perot rsson.3?or of 600 m:icrometers of cavity length was produced, 250 to 100Q rnicrc-n->eters of cavity 
length are preferred. Sy ti-sis process, the -^vafer becam-e a gestalt of the b-sr shape with ^.-vhich each l-aser device 
was connected horizontally. 1"he resonator edge face of a nitride semiconductor laser element irs v.'hich the 
stripe was formed in accordance with the <1-~i00> direction is (1~1 00| side of a nitride semiconductor crystal. 
Olesvage gave ths ma.fklng crack to the entire wafer surface with the scriber. and was not pefformed. but gave 
the marking crack only to the portion corresponding to some wafers, for example, the both ends of a v^'efer, or 
chip both ends with the scriber, and casried out cleavage with this as the starting point. DFB (Distributed 
Feedback) which provides a diffraction grating in an inside and return.? it to it in addition to the techriioue 
ret:jrn:id m the end face and DSR ^Distributed Bragg Reflector) which provides a diffraction grgfi^-^g outs;de and 
returns it to it may be used. 

[007S\After forming the resonator edge face of a Fabry Perot resonator, the dielectric film of SiO.j ivhich has the 
rsfiectance of aboLjt 80^-. a-id 1102 v<as vapor-deposited to this end race by t jrns. arid t.n,e disiectno 
multi layered refiscting film was formed in it A dielectric multilayer reflecting film may be fa.rmsd witr! other 
dielectric matsriais. The semiconductor laser element 1 of .dr3wing.,Lwas obtained by furthermore dividing a bar 
into eacri laser device aft.er this. Having arranged the laser beam waveg*jids fteld 14 {ridge strips) in the center 
of a laser ch-p, the breadth VV of the laser device 1 was 400 micrometers 

[OuBOj.As the dislocation conosrstraled regions 1 1 h.3ve been arranged in the pitch of P~ 400 n^icro.msters at the 
n type GaN board 10 from, the nrst, and the high bminescence field 12 has been arranged in the center ssctiors 
of each low dislocation fssid and being explained using draMOg..L As d- 80 micrometers and t- 120 micrcmetors.. 



since each fs-sid had beer, arr^snged, one diiiocfi^o-i c-ncen-3r>vd r?gio -5 a-^d one h^^vh iLsr75:nv>scsnce f.e:«jv<?re 
included in each semiconductor laser element (chip.). That is. in this embodiment,, k is W~P .and is 2(t+d)~P. ^ 
[OOSllThe chip of the nitride semiconductor laser dement 1 shown m drawing I and drawing 3 rnant^orisd 
above was produced. 

l0082l(Charact.e?'istic of a semiconductor laser element) In the obtained nitrids senoicondsjctor ias;er e!ft;-?^ant 1. 
vvhen a current constriction oarl. existed in an "ptin^a; oosstion, more than laser oscHiation lifs 5000 hour was 
attsined under the conditions of 60 ?nVV or iase^' outp uts, -.snd 70 of ambient tx'rnperati^re. When this invention 
persons produced the semiconductor laser and examined on the same conditions by the above-mentioned 
oonv^irJtionai technology, tho life s-vas aboi^t 1000 hoijrs. 

[00S3l(Physical rsiacionship of a laser beam wavsguide field and a substrste) Tm nitride semiconductor 
substrate 10 of this embodiment has structure like the dislocation Goncentrated regions of stripe shape, a low 
dislocation fseld, a high luminescence field, or a bw dislocation field center region like Or it was produced 
^i?ing the above manufacturing methods. When manLifactuHng a nitride semicoriductor iaser element using such s 
nitnde ssrniconduotor substrate, this ir^vsntion persons found out that a laser osciliatiof^ life changed by in which 
position on a nitride semlconduotof substrate the laser beam W3veg;^ide Held of & nitride sernioonductor laser 
element is formed. Below, the range vdth the preferred distance d and t is e>;amin8d in dstall. 
rD0S4]Drawing 4 is produced almost like the semiconductor laser element 1 of this embodiment on a p-^ 600- 
micrometer n type GaN bosrd. It is the graph whlcii plotted the laser osoiiiation ide gI the sem;corKi;.ictor laser 
elen-isnt of shoes to change the position of the laser beam waveguide field 14 into to the distance d cf the laser 
beam wav«-^-i.;ide field 14 and the dislocation concentrated regions 11. The maximum of the evaluated distance d 
Is 200 micrometers. Evaluation was performed on 60 mW of laser outputs, and the conditions of 70 of ambient 
temperature. As a result. 3D00 hours of a working life were attained at d>=4D niicrometers, and 5000 hours or 
more and sufficient characteristic were obtained at d>~80 miorometsrs. Msasuren-^ent of a life goes only till 5000 
hours, but the upward arrow in drawin.g:.l.shows that a laser osciiiattcn life is 5000 hours or more. 
[0Q85]ln the case of d<~10 micrometers, the laser beam wave^ide field 14 was boated in general on the 
dislocation concentrated regions 1 1. but the characteristic deteriorated extrsfnely below conrstulation accuracy 
life time ^hi? osise. When the distance d was 20-30 micrometers, the phenomencn in which driving current 
we^; .n -.H L. ; \ -."lb p'0^,for.s of time was ssen, and v/hen this reached near 200 mA, laser oscillation became 
i.mpo,..^.iO!0 bv dvarmal run-iway. VVhf^n r«x'or<;e bias was impressed to on junction and the leakage cusrent of pn 
iunction was evaluated, In this way, in the element that driving currf-rit aoes up gradually, as compared with a 
d>=:60~miGrometer element, there was much ieaitage cirrent cieariy, ant; this was increasing with lapsed time. 
[OOSSjIn the semiconductor laser element formed near the dislocation concentrated regions 1 1 of the CsaN board 
1 0 produced by the above-mentioned t^chmqus, Sinss the rearrangement (defect) l^d occurred in the pn ^ 
junction of the laser beam waveguide field 14 neighborhood, or since a pn Junction surface was not flat snd was 
in disorder und&r this intluence, Ihs it=ak which increases with progress of such driving time occurred, and that in 
which the iits characteristic celer;crated was presu.med. It turned o;.jtfor at least d>=40 micrometers of things 
to set to d/=:60 micrometers to be reqi-ired preferably as a result, 

[008?lDrawing 5 is produosd almost like the semiconductor iaser element 1 of this smbodiment to n type QaN 
board top of P~ 600 micrometers lO, It is the graph which plotted the laser oscillation iifs of ti^e semiconductor 
laser element of shoes to change the position of the laser beam waveguide field 14 into to the distance t of the 
laser beam waveguide field 14 and the high luminescence field 12. The maximum of the evaluated distance t is 
200 micromsteri?7Evsh^ation was performed on 60 mW of laser outputs, and the conditions of 70 ** cf ambient 
temperature As .3 result. 3000 hours of a working life were attai.ned at t>~30 mic?rometars, and 5000 hours or 
more and .-iufficient characteristic were obtained at t>=50 micrometers. The upward arrow in drawng.S 
expresses that a laser o-scillation life is 5000 hours or more like drawing 4. 

[OOSSjIn the case oft" 0 micrvm-etsn the laser beam waveguide fleid 14 was located on the High sunsinescencs 
field 12, but the characteristic deteriorated In about iife 100 hour in this case, VVher: the iaser beam; wavegusde 
field 14 hsd been arrangea to about 12 high luminescence field, the rise of element voltage and the rise the 
drive current value were seen, and. thereby, it was thought that an element life deleriorated. In the substrate 10, 
the field where resistance is higher than the circumference exists in the high luminesoence field (or low 
dislocation field center region) 12 and its nsighhori^ood. therefore It is thought that influenc?,- appealed in 
element voltage, when element voltage was observed in detail, in L'-"50 micrometers, it became about I kvw, but 
in the field snialler than it, it was going up a little and turned out for at least t>~30 micrometers of tfiings to set 
to t>~5D micrometers to be required preferably as a result 

r0089l{The range with a pm^rred substrate), mat the range with the preferred pitch P In which the dislocanon 
Goncentrdted regions 11 in the GaN board 10 appear were examined. As mentioned above, in production of the 
GaM board 10, it is i-mportant to make it surface sectionaJ shape turn into serrate ur^even shape, maki?>g a facet 



siirfacft ii 1-221 iide e.xpress. By carry-r^g out s^Ke th^s, io-/.' dislocation ^"ield and the high iuminei^c-eriC's t;eid i.^ 
car. be gerssrst&d. r^nd the portion vvhic'n onl> necessary distance separat&d fron-i the botf-s Bides of the 
di.5L'Cst-on coTje^t;a:ed -egson^ ^ 1 -mc me h^/i ..>n -escence fkki 12 serves a& a suitabb f:feid ic form a iaser 
A'avsguide fisid. thes-efors, is rnor? than the twice of 70 miorometers of sums with 30 r?^:cror:etsf s which is the 
minimum of 40 micrometers cf the distaricro d which acquires an above"merstiO!-i8d effect and ihs mirsirrium ot 
the distance t which acquirss an above-mentioned effect are net taken as the pitch P, thfc field A-hich forms a 
mser vvsveguide field will be lost. Thsrefors, the range of the distance P is limited to P>"140 micromsters. 
[0090jThf5 vsii^e of the distance P is iimited also from a point whether to be able to maintain growth keeping the 
position of unsvsri shape conu^tant, irs formation of the GaM board tO Because, when irm pos;iUon of sjoovon 
shape shifts from an sgriy position with advance of grovyth, it ss because it becOi'T^es difficult to set a laser 
waveguide fisid as a position to the GaN board 10 which the pitch P stops having b«en fii<ed and was obtained. 
When the range of P was examined frcm this point, m about P< 50 micrometers, suoi'! a st?ite could not bs 
msintained but it turned oi4t that it h desirable to be referred to as P>~i 00 micrometers. 
[009lj¥vf;er? ii ^-j-is made to generate greatly, and It was [ way 1 good and the facet surface |i 1~22| side was 
P^--30D micrometers, considenng the func^on t» centralize a rearrangement on the disloostion coneentratsci 
regions 1 1 , as mentioned above, the triple or more figures defect density in the dislocation concsntrated rsgions 
1 1 and a low dislocfitiors fisId came to differ, and was; preferred. Although the maximum of the d^s;t.a^?oe P is not 
s>pscsf;ed from these rsqisests, if it enlarges not much, since the \,\'afer obtained by unevenness on tf;e surface of 
an ingot obtained becosning large will be able to be taken and a number will becofrse smaii, about lOOO 
micrometers is suitable. In conclusion, preferably, 140 <==P is required, and if it dare® to specify a maximum, 
P<.= IOOO will be preferred [ svhat is necessary is just 300<-P. and ]. 

[0092 jAlthouxh tr^e semisonductor laser element of <Embodiment 2> book embodiment 2 is the seme as the 
3emiconnuvior Ljs^^r eli-ment 1 of Embodiment 1. the values cf the 'J ?;.?n;;c P. ;1 and t, etc, differ variously. 
Drawing 6 is a figure showing tne arrangement rsiationship of ths aser bear^-^ vvaveao^Je ^iu^d 14 of the^ 
semiconductor laser element of this embodiment, the dislocation concentrated -'es-^or:!. 1 1 of a n type GsN board, 
and the high luminescence field 12, and expresses with the numerals 61 and 62 xh?-. nad u.~ed a;;- ^sch 
semiconductor laser element (chip) among the n type QaN boards 60. In this £mbod»ment 2 and Embodiments 3 
and 4 mentscred lats^ although the physical relationship of the laser beam waveguide field 14. the dislocation 
concentrated regions 1 1, and the high luminescence field 12 differs from Embodiment 1 also in each 

;^n:<=.hi. - ho n^mof-als 1 ?ho\,v a semiconductor laser element like Embodiment s, 
'COOjli^; ;^-e r„';;:u\v:;tu';r;g msthod of the sem.icondoctor laser eiemer.t > of this embodimeut. Uv:-.; pstcr; P of ths 
dssiocation concentrated regions ; t of the n type GaN board 60 is 500 micrometers, arranges the b,v;5 l-i^-er 
beam vvaveguids fields 14 to 1 pitch, and forms the two semiconductor laser elements 1 per plvc- u^hip\ The 
breadth W of eaoh semiconductor laser element 1 (fields 61 and 62; is 250 micrometers. 
[0094]The distance d with the dislocation concentrated regions 12 of the laser beam waveguide field 14 and the 
maximum contigultv about one field 61 is 100 micrometers, and the distance t of the laser beam waveguide r1eld 
14 and :.he low dislocation fisId center region 12 of the maximum contlgvjity is 150 micrometers. The distance d 
vJth the dlolocatJon concer?trated regions 1 1 of the laser beam w.aveguide tleld 14 and the maximum contiguity 
aboLjt the field 62 of another side is i 50 i^ficrometers, and tf-se distance t of the laser beam waveguide field 14 
and the low dislocatio-^ fseid Manaka [ Hiroshi ] field 12 of the maximum co'itiguity i^; iOO micrometers 
[OO&SjThere is a relation of 2 vV=P to the width W of the fields 6! and 62 and tine pitcfi P of tfie Oisiocation ^ 
concentrated regions 1 1 and it is 2(t+d)=:P. When the distance d and t about the field 61 is expressed with d\ 
a.nd t1 sno the iiis-ancs d and t about the field 62 i.s expressed with d2 and t2. it is d1 "■t2 and d2~ti . 
rQ096"ln one field 61. in the ?■ type GaN board 60. the dislocation concentrated regions 11 aocept one, and exist: 
and the Ush luminescence neld 12 does not exist. In the field 62 of another side, the dislocation concentrsted 
regions 1 1 do not exist in the n type GaN board 60, but the h:^- luminescer.ce tield 12 a~oepts one and exists. 
Also in this embooisnent, the range of the distance d. t, and P I;- v^lvch t=--e effect of this invoritlor: appe.3fs is as 
having indicated to Embodim.ent 1, and the effect described by Embodiment 1 in this range is acquired. 
[009?lThe manufacturing method of the semiconductor laser element of <£mbQdiment 3> book embodiment 3 
hcreases further the number of the semiconductor laser elements (chip) 1 produced to per [ 1 Pitch P J to four 
pieces. Like sfewi.n.g...8. .drawmglJs a showing the arrangement reistionship of the laser bearn waveguide 
field '4 of a semiconductor laser element, the dislocation concentralsd regions 1 1 of a n type GaN board, and 
tht=; high iumsnescencs field 12, and expresses with the numerals 71-74 the field used ss each semiconductor 
laser element (chip) 1 among liie n type SaN boards 70, 

[OOSSjln the maniifaoturlng method of the semiconductor laser element \ of this embodiment, the pitch P of the 
dislocation concer?tratod regions 1 1 of the n type GaN board 70 is 800 micrometers, an-anges tf'.e four laser 
bs.am waveguide fields 14 to 1 pitch, and forrns the four semiconductor laser elements 1 per pitch (chip;, I he 



breadth W of each seiTsiconduotor L?.se!' element 1 (fields 7i-74; iii equa;,, arsd is 200 rrvcromftters. The distance d 
or the laser bea?r5 x^v-aveguide field i4 and the dislocation concentr sted regicsns 1 1 of the rr^sximufti corvUguity 
.!i.'jui Felus "-5. "3 ana 14 located in a li-se in orde*- It i? SO, 280. arsd 320 or 120 frsici-onneters. 
respfic^vQ\y, and the distance t of the lassr beam waveguide field 14 and the lo'/v' disiocatiors vSeld center region 
12 of the maximum corstig^jity ss 320, 120, and 80 or 280 micrometers, respsctiveiy. 
[0099] As iilustrstsd, the one disiocatlon oonce?>trated regions 11 are included in the field ?U the one high 
lisminescencs field 12 is Incksded in the field 73, and neither the disbcation ooncentrated rsgbns 11 nor the Mgh 
kin-inescersce field 12 is Irsciuded In thfi field 72 md the fmld 74, In the manufacturing method of ihe 
seroiccndoctor las<?r elesnent 1 o? this esribodin-ent, it 4 \¥~P snd is 2;tHf~P to each :as<;r bean's waveguide 
tleld 14. 

[01 00.1 Also in this ^mbodin-sent, the range of the distance d, t, and P in which the affect of th-s invention appears 
is 8s having indicated to ErYibodfrrssnt 1, and th« effect dessnbed by Embodiment 1 in this range is acquired. 
[0101]£mbodsmeht 2 or 3 makes KEmbodiment 4> book embodiment 4 the width W> pitch P conversely. Lik& 
dravving,.6< dravv-ing S.is a figt^rs shovvirfg the arrangement relationship of the laser bgast^ wavepjide tleid 14 of ih« 
senniconductor laser eiemerit-. of this embodiment, ths dislocation conc.=5ntratsd regions 1 1 of a r, type OaN board, 
and the high iuminescence ■I'^eld :2. and expresses with the nun-:erals Si ths tleld used as the ser^'iconductor 
laser element 'chip) 1 arnong the n typ<> boards 80. 

r0102.jln the manufactunng sTssthod or the ssmiconductor laser element 1 of this embodimsnt. the pitch P of the 
dixiocation concentrated regions 1 1 of the n type GaN board 80 is 200 rrficrometers, and the breadth W of the 
semiconductor laser eiement 1 {field 81) is 300 micrometers. That is, the 2/3 semiconductor laser element 1 psr 
pitch (chip) is formed (the one chip 1 is formed in 15 pitches). The distance d of the laser beam waveguide tlsld 
14 and ths dislocatiors ooncentratsd regions 11 of tiis maximum oorjtipiity Is 60 msorometsrs, and t»he distance t 
of the laser beam wavep.iide fi^ld 14 and ths low sSsiocation field center re^on 12 of the maximum contiguity is 
50 micrometers. 

[OlOSJAs illustratsd, the dislocation concentrared regions s t and the high lumlnescsncs field 12 which are 
included in the one semiconductor laser siement (chip) 1 are all more than i or it. In the msnufacturing method 
of the semiconductor laser of this embodiment, it is W™P (2/3) and Is 2(t+d}=^ to each laser beam waveguide 
field 14. 

[01 04] Also In this embodimsnt, the range of ths distance d t and P In which the effect of this invention appears 
is ss having indicated to Efnbodiment 1, and the effect described by Embodiment 1 in this range is acquirsd. 
[OlOSjIn ths abovs-ment-onsd Embodiments; i"4, alih&i.i.i?h ths arrargement xvi-^Jch form^ one semioond;;otor 
laser siement [ two / four ./ 2/3 ] (chip) per pitch was explained, the scope of this inventior? is act necessarily 
restricted to this, and can also be considered as sk pieces, 1/2 piece, and 1/3 etc. arrangement. If it is made for 
arrangemef^t of soTje elernsnts on a GaN board to deviate from the necessary range -f the arove-mefuioneo t 
and d. It is also possible to set .t numbers other than the value which can be expressed with an intogral 
n-iuitipis or an sas.y fract-on ir; ti-^s Vvay. 

[0106]<£mbod!msr-t §> book en-.bodin-ient 5 changes the nitride semiconductor laser eiensent 1 which has the 
ridge stripe structure described by Embodiments 1 -4 to the nitride semiconductor laser element 2 which has a 
current blocking layer. The nitride san'iicc'^dootcr laser element 2 of liils embodiment which has a current 
blocking layer is eypiained with reference to drawing 9. 

[0107]Th9 semiconductor laser elefrsent 2 of this ex^^mple, Ths n type GaN board 2DD, the n type GaN layer 201 
formed one by one on it the n type In.^jj^Ga^,c)3^^ «^i'scf<. prevention layer 203, the n type aluminurofj jCs^ gN 
cladding layer 204, ths n type Q&H ligit guide layer 205, and the active layer 206, The p type alumiruimfjgGag gN 
carrier block layers 207, the p type GaN light guide layer 208. the p type aluminumQ .jGaQ gM 1st cladding layer 
209a, the cuirent blocking layer 220, the p typ& aluminum^ ^ Ga^ gN 2nd cladding layer 209b, the p type InGaN 
contact layer 210. the p electrode 212. and the n electrode 211 ~~ It is ** constituted, 

[OlOSjThe current biocking layer 220 sho-.iidii;^t bs a layer which prevents current so thrit the current poured in 
from the p type slecirods i 12 can pass only the wid-.h betweer-i cufrent bbci<ing byers shown ir- drawini:.S- ^Of" 
examole a n type sluminum^s. j.K;Qajj.jgN layer may be used as the current blocking layer 220. The value of net 
only 0,25 but others may be suffictsrst as the Al composition ratio of the current blocking layer £20, According to 
this embodimer,t, the opening of the current biocking layer 220 supports the laser beam wavsguide ffdd 14, slso 
in this embodiment, ths range of the distance d: t, and P in which the effect of this invention appears is as 
having indicated to Embodiment 1, and the effect describsd by EmbodLmsnt I in this range is acquired, 
[0109jlt is made for <En^bod!mer.t 6> book embodiment 6 to coni^ain one of elements in ttie active Layer of the 
nitride semiconduotor laser element 1 or .2 at least among the element groups of As, P, ar^d Sb, Other 



001^00 Si Uc;n is as havirs/? gsready staled 

\0 \ sQlA wes lavtjr ;3 n'sade to cootain on<" of elements at least among the ebment. groups- of As. P, and Sb in this 
en-ibodiment r^rnorsg ihs active layers 106 and 206 vvhch cons'dtute ths nitride ?en-^iconductor kaT^inescence laser 
devices 1 and 2. When x^AUng to X hers con^position ratio of total of tha above-neotionsd eiernent. group which 
a vvaii iayef i> n-iad" to contain and setting coi^isosition ratio of Isl element of s weli iaye; to Y, X k ss-J-iaier than 
Y, .^nd X'iX^Y; ^s beicKv 0.3 ^30%}. and is below 0.2 (20\) preferably. The ioy<^-er limits of uHr^i of the above™ 
inentioned element gro^.p are IxlD '"^ • mors than cn-.-\ 

[Oi 5 ijlf the con^position ratio X becoirses higher thars 20%, the concentration separation rroir- \:vhich t.he 
composition ratio of each element differs for every field In a we!i layer will begi;-! to rsnse ^vs'sduaiiv. if the 
cofrjposition ratio X becomes highei' than 3D\ shortly, a hexagonaf system and r^ubic systef^- wiH b^^g-n to shift to 
ihe ir;terr?vngisd cfyscs; system separation from concentration sepsratjon. and the ci-ystsliinity of a vveii layer v>'iii 
besin to fail. On the oth?;r hand, it the addition of total of the above-mentioned -aien-ient i^roup beoon^es smaller 
than 1x10 '"'''cm^. the e'^ect by having co-ntai-ted the above-mentioned eien-ifc.nt in the ^.^ei; isyer wiii become is 
hard to be acquired, 

(01 12}by making a v<e;; iayer contain .As, P, or Sb, the effect by this embodiment has an eieclron of a weii ieyer. 
and the small ©ffectivs mass of a hole, and is at the point that the electron of a weli layer and the mobility of a 
hole become large. !n ths cass of a semiconductor laser element, tJia former means that the career population 
inve.fsion for laser o,^;C!llation l« acquired irj the small amount of current injections, ar^d the lstt.er means that an 
slsctr.^n and a hoie are newly poured in at high speed by diffusion, even an '^^-iect-on s'\d a j^oi^r ■"Ji'sappear by 
radiative recombination by an active layer. That is, compared with the i'-Gp\ -;'en ',ii:-d=. LiPsico.ncuctor laser 
element which contains neither of the dements, As, P, nor Sb, in an active layer wnich i,s reporied now. the 
nitride semiconductor laser element of this embodiment has low threshold current density, and becomes the 
thing excellent slso In the noise characteristic. Also in this emb0diment the range of the distance d, t. and P in 
which the effect of this inventcn appears is as having indicated to Embodiment 1. 
[Oi K-iv\ s '.V- xr.r-''.K;oi-^snr 7 ' boG'< embodin'ient 7 forms each nitride isemiconductor layer on a substrate, 
selective growth ar. ss used for it and the others of it ars the same as that of sither of the above-mentioned 
embodiments. 

[01 14]the material (for example, oxides, such as SiO^^..) In which selective growth art controls growth When 
providirp- h«ftv-ehand the mask which consists of nitrides, such as SiN end AfN. and has an opening on the 
subft .:;o .r,J -'o-r.^i-.t^ L\;-.:.h i^it^^de sen-iiconducior layer on a substrate, it is the art controlled in eaHy stages of 
g.fowth so that grow-ih in a p-ansverse direction advances. Thereby, the c>-ack which n->av be produced with 
groMh of each nitride semiconductor layer Is prevented effectiveiy A --^psK cu^ re r-':'. ded c.->rrespond;ng to 
the dislocaticn-Goncentrateo-re^cns 11 and high luminescence *ie,d 2 t..^p a.- o b« concerned and^ 
provided in these fields. It Is desirable to provide a mask directly under the lassr wavsg.^>d^j fseld 14 at least from 
the point that the crack ^hich may be generated to a laser wave^ide field can foe prevented effectively, 
[D1 15]ln each above-mentloped Embodiments 1-?. although the example using GaN as a substrate was 
^^xpiain^-d. it can 3i<:o replace by the nitride semiconductor substrate which comprl.?e.s material <Amich was 
ina^cated to "The means for solving a technical problem " It can replace by rsitride semiconductor matenal which 
was indicaced to "The means for solving a technical problem" also about the maceriai of each nitride 
semiconductor layer grown ;.jp on a nitride semiconductor stibstrate. 

[01 16j<Embodiment 8> book embodiment B applies the nitride semiconductor laser element of this Invention to a 
semioonductor optical apparatus, 

roi r;jVVhen the nitride sem^oDr^ductcr laser element (oscillation wavelength of 330-550 nm) of this Invention is 
u^s4 for a semiconductor optical apparatus, for example, an optical pickup device, it is preferred in the following 
po«ts. Each n^iride somiconductor laser element is high povver (3D mVV). and it stabiii^s^; and -T-perales also in a 
Lgh tsmperatii'-e atmosphere ^60 And a ia.<;er csci;:at.on life is th^. best for the opticsl disk unit tor f^igh 
density .recording reproduction with which high reliability is demandsa from a long t;;-ne ^record reproducuon 
becomes possible more at high density, so l^at an oscillation wavelength is short 

[01 ISjThe outline composition of optical dlsl^ units, such as the device w.bich bas an optical pickup. f-:.r ex amp;e 
a DVD device ?;to,. is she wn ;n drawing 10 as an example which used the nitride semiconductor laser eiement or 
iKh i'^venti :-n f--- t'^o eemscorsductor opi-ical apparatus. The optical disk unit 300 is provided with the optical 
piokup 3D1, the control ci^-oult 302, the motor 303 made to rotate tl^e disk D, and the motor 304 to which the 
optical pioivUD 30? iS si^oved. Th'3 semiconductor laser element 305, the beam splitter 306. the mirror 30?, the 
cbject lens 5DS, arid the photod^itector 308 are contained In the cpnc.Y pi.;kup 301. The semioondLiclor laser 
elements 305 are th^e nitride semicondisctor laser elements 1 and 2 of o.ne of above-mentioned embodiments, 
[OnSjWhen recording infosmation, the control circuit 302 becomes in-egular according- to input it converges on 



thft recording surface of ihe disn D through the be-r^ ?riit:er 306. the niirror 307, a-sci the object I'^ns 308, and 
laser beam L which thi: s.6?!^;condi.-ctor laser f;\err\'vy\X 305 er^iits records inforrristion on *;h';! diS-K D. 'A'hile the 
t:€-5T;icon<luct.or hsm- ebn"-er$t 305 has emitted iaser beam L (inbes&me irregular, inforniation ;s rscordable alr^c by 
modulating the magnetic ff^l4 of tli« part vMch lassr beam L comm'gas among the recording sujfac^js of the 
disk D acoDrd;n§- to input Wnsn piaying Information, iaser beam L whtch raceivsd ci-iange opticaliv according to 
the pit arrarsgemsfn on iha disk D enters into the photodetector 309 -Oirou^i the object lens 308, the n-ss«-or 307, 
and t'is; beam spsitter- 306. and is n;ads into a rnigeneratSve signal by the photodetector 300. The power of laser 
bean-; L which the r>em;condi.ictor iaser siemsnt 305 output? is about 5 mW at the time of 30 mW arid 
reproduction at the time of reoofd. for e>;amyie. 

[0120]Besidss such an optica; disk unit that has an opticai pick^ip device, rhe sen-i^conductor i.^s'rr slemenu or 
this inver^tion is available to the projector by the iaser beam priiiter, the bar cods reader, and the thres-prim-csry- 
coiors (blue, green, red) laser of light, etc.. and suitable for them as a light source of a high Iftetlme by high 
sower, for example, 

[01211 

[Effect of the invsntionjln this inventio-s v,.h,cn ^h^ued -^oi :hai 40 rr-.c^-crr^oiers of ssser beam waveguide 
fields of the 'jHride ssmiconductcr layer from tiie dis^ocaucr concentrated regic^s of a nitride serriicondiictor 
substrete. the influence of a rearrangement c-f the si.ib.<;trate to a laser beam waveguide field is suppressed,, and 
& niLride semiconductor isssr siomeni with a long isssr oscillation life is obtained, 

[0122j8y chis invention shiftsd not less than 30 micrometers from the low dislocation field center region or high 
luminssGsncs field of a nitride semiconductor substrate, the laser beam waveguide field of a nitride 
.^ismiconductor layer. A laser beam waveguide field can be located among substrates on the part where character 
is constant, and a nitj-ide semiccndustor laser element with a long laser osoillation life fs obtained too. 
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[Brief Description of the Drawings] 

[Dravviog IjDravying of longitudinal sesticn showing the .'structure of the semiconductor laser element of 

Embodimerit I typically,.: 

X^'V'.n?. ?J-^o oniargsd vert»cai ^ - . c-k, . .-^ J -r perspective vievv (b;, draiving cr longitudinal 

section (c). and the top view (d) showir.g typicasiy the manufacturing process of the nitride semiconductor 
substrate in this inventlon- 

[Drawing SjDrawing of longitudinal section showing the lamination of the semiconductor laser element of 

Embodiment 1 typically. 

[Dr.?.vvirig 4lThe hgure sho^A^ng ti'Ct r~|.ntic;i ti-is d^sta-'^ce of a laser" beam waveguide neld and dislooation 

conceritrat'sd reE:ons af^d tiie lac-er o,sciliar.!on life i-i a nitride ssrniconductor iaser eiemsnt 

Xn:.\\^'^g fsf-i-e - '^vin^; iho fobtors of the distance of a iaser beam waveguide field and a high 

i-j'n;neicence Held a:v:i the i;-5F.sir csciiiation iife in a nitride semiconductor laser element 

[Drsvving ojThe top view showing typically the manufacturing method of the semiccndyctor laser element of 

Embodiment 2. 

[Drawing 7jThe top visvy showing typically the manufacturing method of the semiconductor laser element of 

Errsbodiment 3, 

[Drfivving BjThe top view showing typically the manufacturing method of the semiconductor laser element of 
Embodiment 4. 

[Drawing SjDrawsng of longitudinal section showing typically otlier lamination of the semiconductor laser eiensent 



[Drawing tOjThe block diagram showing the outline composition of tb© semiGondyetor Qptls# appsra-tus sf 

Embodimsnt 8. 

[Dsscriptior; of ^y'ot3£ioosl 

1 , 2 rsstnde seTiiconductor laser elements 

1 0 N type GaN board 

1 1 Diskicstion ocncsntrated regions 

! 2 Low disiocstion field center regbn (high iurninsscence field) 

! 3 Nitrid& 5eniicor;ductor laysi' 

i 4 Laser beani wave^ide field 

I § ip eiectrods 

1 8 n electrode 

2.1 Supssort base 

22 N type GaN layer 

23 (i i-22j side 

24 Concavo" convex pars-basiiaris-ossis-occipitalls lower part 

25 A concavo-convex apex part 

26 iCOO ll sides 

50 H type GaN board 

61, 62 nitrids-semiconductor-iaser-dement formation area 
70 N type GaN board 

71-74 nitride-ssmiconduvstor -iaser-eler^'sent forsnatian area 
SO N lype GaN board 

81 Nitrice s«;micondLictor iassr element formation area 

102 N type GaN iayer 

103 N type InGaN crack preventior^ layer 

104 N type AlGaN clad layer 

I DS N type GaH light guide layer 

1 06 hGaN active layer 

107 P t ype AlGcN carrier block layers 

108 ? l;, pe GaN light fLside layer 
IDS P type AIQaN dad layer 

110 P type GaN contact lay^ 

111 n elsctrode 

1 1 2 p electrode 

^ 13 insviator lav'sr 
200 N type GaN board 
20= N type GaN layer 

203 N type InGaN crack prevention layer 

204 N typ-;; AlGaN ciad layer 

205 N type GaN light gifsds layer 

206 Active layer 

207 P type AJGaN carrier block layers 

208 P type GaN ngi-:t guids layer 

209a The 1 >:t claddirig iaysr of p type AlGaN 
209b The 2rid cladding lay&r of p type AiOaN 

2 1 0 P type InGaN contact layer 

21 1 n electrode 

21 2 p electrode 

220 Current blocking layer 

300 Optical disk unit 

301 Optical pickijp 

302 Control circuit 

303 and 304 Motor 

305 Nitride semiconductor laser elemerA 

306 8«am splitter 

307 Mirror 
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